PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
E21B 43/24 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/25002 

4 May 2000 (04.05.00) 



(21) International Application Number: PCT7CA99/00996 

(22) International Filing Date: 26 October 1999 (26.10.99) 



(30) Priority Data: 

2,251,157 



26 October 1998 (26.10.9: 



(71) Applicant (for all designated States except US): ALBERTA 

OIL SANDS TECHNOLOGY AND RESEARCH AU- 
THORITY [CA/CA]; Alberta Research Council, 250 Karl 
Clark Road, Edmonton, Alberta T6N 1E4 (CA). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): GOOD, William, Keith 
[CA/CA]; Alberta Research Council, 250 Karl Clark Road, 
Edmonton, Alberta T6N 1E4 (CA). LUHNING, Rick, W. 
[CA/CA]; Alberta Research Council, 250 Karl Clark Road, 
Edmonton, Alberta T6N 1E4 (CA). KISMAN, Kenneth, E. 
[CA/CA]; 5760 Buckboard Road N.W., Calgary, Alberta 
K3A 4R6 (CA). 

(74) Agent: JOHNSON, E., Peter; Ogilvie and Company, 1400 
Canadian Western Bank Place, 10303 Jasper Avenue, Ed- 
monton, Alberta T5J 3N6 (CA). 



(81) Designated States: IN, RU, US, European patent (AT, BE, CH, 
CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE). 



Published 

With international search report. 



(54) Title: PROCESS FOR SEQUENTIALLY APPLYING SAGD TO ADJACENT SECTIONS OF A PETROLEUM RESERVOIR 
(57) Abstract 

Steam assisted gravity drainage ("SAGD") is practised in a first section of a reservoir containing heavy oil. When production becomes 
uneconomic, steam injection into the first section is terminated. Non-condensible gas is then injected into the section to pressurize it and 
production of residual oil and steam condensate is continued. Concurrently with pressurization, SAGD is practised in an adjacent reservoir 
section. As a result, some of the residual oil in the first section is recovered and steam loss from the second section to the first section is 
minimized. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 




ES 


Spain 


LS 




SI 


Slovenia 


AM 




FI 


Finland 


LT 


Lithuania 


SK 




AT 




FR 




LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 




TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 




GR 


Greece 




Republic of Macedonia 


TR 




BG 




HU 




ML 






Trinidad and Tobago 


BJ 


Benin 


IE 




MN 


Mongolia 


UA 




BR 


Brazil 


1L 




MR 


Mauritania 


UG 




BV 


Belarus 


IS 




MW 


Malawi 


US 


United Stales of America 


CA 


Canada 


IT 


Italy 


MX 




UZ 


Uzbekistan 


CF 


Central African Republic 


JP 




NE 






Viet Nam 


CG 




KE 




NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 






Republic of Korea 


PL 








CN 


China 


KR 


Republic of Korea 


PT 








CU 


Cuba 


KZ 


Kazakstan 


RO 








cz 


Czech Republic 


LC 


Saint Lucia 


KU 


Russian Federation 






DE 


Germany 


LI 




SD 


Sudan 








Denmark 


LK 


Sri Lanka 


SE 








EE 




LR 


Liberia 


SG 


Singapore 







WO 00/25002 PCT/CA99/00996 



1 PROCESS FOR SEQUENTIALLY APPLYING SAGD TO ADJACENT 

2 SECTIONS OF A PETROLEUM RESERVOIR 

3 

4 FIELD OF THE INVENTION 

5 This invention relates to recovering heavy oil from an underground 

6 reservoir using a staged process involving, in the first stage, steam assisted 

7 gravity drainage, and in the second stage, non-condensible gas injection and 

8 reservoir pressurization. 
9 

10 BACKGROUND OF THE INVENTION 

11 Steam assisted gravity drainage ("SAGD") is a process first proposed 



12 by R. M. Butler and later developed and tested at the Underground Test 

13 Facility ("UTF") of the Alberta Oil Sands Technology and Research Authority 

14 ("AOSTRA"). The SAGD process was originally developed for use in heavy 

15 oil or bitumen containing reservoirs, (hereinafter collectively referred to as 

16 'heavy oil reservoirs'), such as the Athabasca oil sands. The process, as 

17 practised at the UTF, involved: 



18 • Drilling a pair of horizontal wells close to the base of the reservoir 

19 containing the heavy oil. One well was directly above the other in 

20 relatively close, co-extensive, spaced apart, parallel relationship. 

21 The wells were spaced apart 5-7 meters and extended in parallel 

22 horizontal relationship through several hundred meters of the oil 

23 pay or reservoir; 
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1 • Then establishing fluid communication between the wells so that 

2 fluid coufd move through the span of formation between them. This 

3 was done by circulating steam through each of the wells to produce 

4 a pair of "hot fingers". The span between the wells warmed by 

5 conduction until the contained oil was sufficiently heated so that it 

6 could be driven by steam pressure from one well to the other. The 

7 viscous oil in the span was replaced with steam and the wells were 

8 then ready for production; 

9 • Then converting to SAGD production. More particularly, the upper 

10 well was used to inject steam and the lower well was used to 

1 1 produce a product mixture of heated oil and condensed water. The 

12 production well was operated under steam trap control. That is, the 

13 production well was throttled to maintain the production temperature 

14 below the saturated steam temperature corresponding to the 

15 production pressure. Otherwise stated, the fluids being produced at 

16 the production interval should be at undersaturated or "subcooled" 

17 condition. (Subcool = steam temperature corresponding to the 

18 measured producing production pressure - measured temperature.) 

1 9 This was done to ensure a column of liquid over the production well, 

20 to minimize "short-circuiting" by injected steam into the production 

21 well. The injected steam began to form an upwardly enlarging 

22 steam chamber in the reservoir. The chamber extended along the 

23 length of the horizontal portions of the well pair. Oil that had 

24 originally filled the chamber sand was heated, to mobilize it, and 
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1 drained, along with condensed water, down to the production well, 

2 through which they were removed. The chamber was thus filled 

3 with steam and was permeable to liquid flow. Newly injected steam 

4 moved through the chamber and supplied heat to its peripheral 

5 surface, thereby enlarging the chamber upwardly and outwardly as 

6 the oil was mobilized and drained together with the condensed 

7 water down to the production well. 

8 This process is described in greater detail in Canadian patent 1,304,287 

9 (Edmunds, Haston and Cordell). 

10 The process was shown to be commercially viable and is now being 

1 1 tested by several oil companies in a significant number of pilot projects. 

12 Now, the operation of a single pair of wells practising SAGD has a finite 

13 life. When the upwardly enlarging steam chamber reaches the overlying, cold 

14 overburden, it can no longer expand upwardly and heat begins to be lost to 

15 the overburden. If two well pairs are being operated side by side, their 

16 laterally expanding chambers will eventually contact along their side edges 

17 and further oil-producing lateral expansion comes to a halt as well. As a 

1 8 result, oil production rate begins to drop off. As a consequence of these two 

19 occurrences, the steam/oil ratio ("SOR") begins to rise and continued SAGD 

20 operation with the pair eventually becomes uneconomic. 

21 If one considers two side-by-side SAGD well pairs which have been 

22 produced to "maturity", as just described, it will be found that a ridge of 

23 unheated oil is left between the well pairs. It is of course desirable to 

24 minimize this loss of unrecovered oil. 
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1 In Canadian patent 2,015,460 (Kisman), assigned to the present 

2 assignee, there is described a technique for limiting the escape of steam into 

3 a thief zone. For example, if steam is being injected into a relatively 

4 undepleted reservoir section and there is a nearby more depleted reservoir 

5 section, forming a low pressure sink, there is a likelihood that pressurized 

6 steam will migrate from the undepleted section into the more depleted section 

7 - which is an undesired result. One wants to confine the steam to the 

8 relatively undepleted section where there is lots of oil to be heated, mobilized 

9 and produced. The Kisman patent teaches injecting a non-condensible gas, 

10 such as natural gas, into the more depleted section to raise its pressure and 

11 equalize it with the pressure in the relatively undepleted section. By this 

12 means, the loss of steam from the one section to the other can be curtailed or 

13 minimized. 

14 The Kisman patent further teaches that pressurizing the more depleted 

15 section with natural gas has been characterized by an increase in production 

16 rate from that section, if the production well penetrating the section is 

17 produced during pressurization. 

18 SUMMARY OF THE INVENTION 

19 In accordance with the present invention, a novel process is provided 

20 for producing adjacent sections of an underground reservoir containing heavy 

21 oil. Each section is penetrated by one or more wells completed for SAGD 

22 operation, preferably one or more pairs of horizontal injection and production 

23 wells. The process comprises: 
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1 (a) injecting steam into the first section of the reservoir to practice 

2 SAGD and produce contained oil, until the steam/oil ratio rises 

3 sufficiently so that further production by SAGD from the section 

4 is substantially uneconomic; 

5 (b) then reducing or terminating steam injection into the first section 

6 and injecting non-condensible gas into the section to maintain it 

7 pressurized; 

8 (c) continuing to produce oil from the first section while it is 

9 pressurized; and 

10 (d) concurrently with step (c), injecting steam into the adjacent 

1 1 second section to practice SAGD therein and produce contained 

12 oil; 

13 (e) while preferably maintaining the first section pressurized to 

14 substantially the same pressure as exists in the second section 

15 during step (d). 

16 Steps (b) and (c) constitute a post-steam wind-down of oil production 



17 from the first section. Over time, oil production rate will drop off during wind- 

18 down and eventually it will again become uneconomic to justify continuing to 

19 produce the first section. However it may still be desirable to continue 

20 maintaining pressurization in the first section to limit steam loss from the 

21 second section. 
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1 The process provides a strategy for sequentially producing adjacent 

2 sections across the reservoir. It takes advantage of gas pressurization to 

3 prevent steam leakage from a less depleted section undergoing SAGD to a 

4 mature, more depleted section. It also maximizes production from each 

5 section by subjecting it to sequential SAGD and pressurization production 

6 stages. 
7 



8 DESCRIPTION OF THE PREFERRED EMBODIMENT 

9 In accordance with the best mode of the process known to the 

10 applicants, it comprises: 

1 1 (a) directionally drilling one or more pairs of wells from ground 

12 surface into a reservoir first section, to provide generally parallel, 

13 horizontal, co-extensive, spaced apart, upper and lower well 

14 portions extending through the section, and completing the wells 

1 5 for SAGD production; 

16 (b) establishing fluid communication between the injection and 

1 7 production wells of each pair, for example by circulating steam 

1 8 through both wells, to heat the span between the wells by heat 

19 conduction, and then displacing and draining the oil in the span 

20 by injecting steam through the upper injection well and opening 

21 the lower production well for production; 
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1 (c) practising SAGD in the reservoir first section by injecting steam 

2 through the injection welts and producing the produced heated 

3 oil and condensed water through the production wells while 

4 operating said production wells under steam trap control; 

5 (d) preparing a second adjoining section of the reservoir for SAGD 

6 production by carrying out the provision of wells and establishing 

7 fluid communication between the wells of each pair as in steps 

8 (a) and (b); 

9 (e) terminating or reducing steam injection into the reservoir first 

10 section injection wells and initiating natural gas injection through 

1 1 said injection wells to increase the pressure in the reservoir first 

12 section to about the anticipated steam injection pressure in the 

13 reservoir second section and maintaining the pressure at about 

14 this level while simultaneously producing residual heated oil and 

15 steam condensate through the production wells under steam 

16 trap control; and 

17 (f) concurrently with step (e), practising SAGD in the reservoir 

18 second section. 

19 In connection with practising steam trap control with wells extending 

20 down from ground surface and having riser and horizontal production 

21 sections, it is preferred to operate as follows: 

22 • measuring the downhole temperature at the injection and 

23 production wells of an operating pair, using thermocouples; 
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1 • establishing the temperature differential between the two wells and 

2 throttling the production well to maintain the differential at a 

3 generally constant value (say 7°); 

4 • monitoring for significant surges in vapour production rate at the 

5 ground surface production separator and for surges in steam 

6 injection rate; and 

7 • adjusting throttling to minimize the surges. 

8 Otherwise stated, a generally constant liquid rate at the wellhead is 

9 maintained and the bottomhole production temperature is allowed to vary 

10 within a limited range. 

1 1 The invention is characterized by the following advantages: 

12 • additional oil is recovered from the mature wells during the gas 

13 pressurization stage, while simultaneously reducing steam leakage 

14 from the second reservoir section; 

15 • use is made of the residual heat left in the mature reservoir section; 

16 and 

17 • a finite steam-producing plant can be applied in sequence to a 

1 8 plurality of adjacent sections of the reservoir, without severe steam 

19 loss from a section undergoing SAGD to an adjacent depleted 

20 section. 
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1 THE EMBODIMENTS OF THE INVENTION IN WHICH AN 

2 EXCLUSIVE PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS 

3 FOLLOWS: 

4 1 . A method for recovering heavy oil from an underground reservoir, 

5 comprising: 

6 (a) injecting steam and producing heated oil and steam condensate 

7 ' by steam assisted gravity drainage ("SAGD") in a first section of the reservoir 

8 until it is substantially uneconomic to continue doing so; 

9 (b) preparing an adjoining section of the reservoir for SAGD; 

10 (c) terminating or reducing steam injection into the reservoir first 

1 1 section; 

12 (d) injecting steam and producing heated oil and steam condensate 

13 by SAGD in an adjacent second section of the reservoir; and 

14 (e) concurrently with step (d), injecting a non-condensible gas into 

15 the first section to pressurize it and producing residual oil and steam 

1 6 condensate from said first section. 
17 

18 2. The method as set forth in claim 1 wherein: 

19 the first section is pressurized in step (e) to a pressure about equal with 

20 the steam injection pressure in step (d). 
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Applicant 
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1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 4 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.1 6 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 1 sheets. 



3. This report contains indications relating to the following items: 

I S Basis of the report 

II □ Priority 

III □ Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV □ Lack of unity of invention 

V H Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations suporting such statement 

VI □ Certain documents cited 

VII Certain defects in the international application 

VIII B Certain observations on the international application 
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I. Basis of th r port 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70.17).): 
Description, pages: 

1-8 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



Claims, No.: 



1 
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(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 




No: 


Claims 


Inventive step (IS) 


Yes: 


Claims 




No: 


Claims 


Industrial applicability (IA) 


Yes: 


Claims 




No: 


Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
s e separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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POINT V. 

The claim is judged as an unambiguous assembly of Its feature i.e under the assuption 
that the word "In" (see Point VIII) has been removed. 
The preamble of the claim (text preceding the expression "the improvement 
comprising") corresponds to CA-A-2015460. 

The characterising features of the claim solve the problem of optimising the strategy of 
sequential exploitation of the two sections of a reservoir because they result in the 
minimum possible loss of heat of the steam. Indeed that fact that the first section is also 
producing whilst non-condensibte gas is injected in it mean that any possible loss of 
steam of the second section is exploited to the maximum due to the horizontal 
arrangement of the production and injection wells. 

Although this arrangement is known from US-A-5318124, the step of the concurrent 
injection of the non condensible gas into the first section of the reservoir is not known 
from this document. 

POINT VII 

Following should have been taken into account: 

- Rule 5.1 (a) ii) reference also to US'124 and their disclosure in the description. 

- Rule 5.1 (a) iii) PCT: description in conformity with the new claims. 

POINT VIII 

The use of the word "in a method" makes it unclear whether protection is sought for the 
improvement only or for all the features defined in the claim. Therefore Article 6 is PCT 
infringed with regard to clarity. 
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1 THE EMBODIMENTS OF THE INVENTION IN WHICH AN 

2 EXCLUSIVE PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS 

3 FOLLOWS: 

4 1. In a method for recovering heavy oil from an underground reservoir 

5 wherein a first section of the reservoir is at least partially depleted and an 

6 adjoining second section is less depleted, and wherein injected fluid can move 

7 -from one section to the other, and wherein a non-condensible gas is injected 

8 into the first section while steam is injected into the second section so that the 

9 pressure in the two sections of reservoir is about equal, the improvement 

10 comprising: 

11 the first section has been depleted by practising steam assisted gravity 

12 drainage ("SAGD") using one or more horizontal pairs of injection and 

13 production wells; 

14 practising SAGD in the second section using one or more horizontal 

15 pairs of injection and production wells by injecting steam through the injection 

16 wells and producing oil and steam condensate through the production wells; 

17 and concurrently injecting the non-condensible gas through the 

18 injection wells of the first section and producing oil through the production 

19 wells of the first section while maintaining the pressure in the two sections of 

20 reservoir about equal. 
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